diabetes mellitus (DM) is a syndrome of altered metabolism characterized by chronic hyperglycemia due to an absolute deficiency of insulin secretion and/or a reduction in the biological effectiveness of insulin. DM is increasing at epidemic proportions throughout the world and is currently considered one of the main threats to human health in the 21st century. It is estimated that ϳ100 million individuals currently suffer from diabetes, with more than 16 million diabetics in the United States alone (1) (2) . Much of the morbidity and mortality associated with diabetes is primarily attributed to sequels of micro-and macrovascular complications of this disease. In the last decade, considerable progress has been made in understanding the underlying molecular mechanisms of diabetic micro-and macrovascular complications, and new treatment modalities are beginning to appear in the clinical arena.
3-Hydroxy-3-methylglutaryl CoA (HMG-CoA) reductase inhibitors, or statins, are potent inhibitors of cholesterol biosynthesis that are used extensively to treat patients with hypercholesterolemia (3) (4) (5) (6) (7) (8) . Statins impair cholesterol biosynthesis by inhibiting activity of the enzyme HMG-CoA reductase, the rate-limiting step in cholesterol synthesis (Fig. 1) . This both decreases circulating lipoproteins and increases their hepatic uptake by up-regulating LDL receptors. The overall lipid-lowering effect of statins includes increased uptake and degradation of LDL, inhibition of LDL oxidation, a reduction in cholesterol accumulation and esterification, and decreased lipoprotein secretion and cholesterol synthesis (3) (4) (5) (6) (7) (8) (9) (10) (11) .
Since the discovery of mevastain in 1976, a number of statins have been introduced by different pharmaceutical companies (8, 12, 13) . Generally, two types of statins are available: the fermentation-derived or natural statins (e.g., simvastatin) and the synthetic statins (e.g., atorvastatin). The chemical structures of the natural statins are very similar, but the pharmacokinetics are quite different. For instance, simvastatin and lovastatin are lactone prodrugs that undergo hydrolysis by carboxyesterases (11) (12) (13) . In contrast, pravastatin is administrated as an active drug and undergoes extensive microsomal metabolism by cytochrome p450 (14) . Contrary to other statins, pravastatin is enzymatically transformed in the liver cytosol and thereafter undergoes significant renal clearance (14, 15) . Statins are usually well tolerated, the major adverse effect being myopathy defined as muscle pain or weakness associated with significant elevation of creatinine kinase levels (16) . The lipophilic statins (e.g., simvastatin, atorvastatin) are much more widely taken up by passive diffusion into a broad range of tissues and cells than hydrophilic statins (e.g., pravastatin) (17) . This distinction could influence the ability of statins to exert their pleiotropic (or non-cholesterol dependent) effect based on the ability of nonhepatic cells to transport the different members of the statin family into the cell according to their hydrophobicity (17) (18) (19) (20) . However, the difference in lipid solubility as the main determinant of differences observed in pleiotropic effects of statins has recently been challenged. For instance, it has been recently suggested that some of the noncholesterol or pleiotropic effects of statins may be mediated by their inhibitory effect on the hepatic HMG-CoA reductase with subsequent reduction of isoprenoids levels (21).
Several trials have demonstrated beneficial effects of statins in lowering cardiovascular-related morbidity and mortality in patients with coronary artery disease (22-27). Studies such as the Scandinavian Survival Study or 4S, West of Scotland Study or WOSCOPS, and the recently published Heart Protection Study (HPS) have clearly established the essential role of statins in primary and secondary prevention of cardiovascular diseases (22, 23, 27) . Because of the strong association between serum cholesterol levels and coronary disease, it was initially assumed that the cardiovascular benefits of statin therapy are due solely to its lipid-lowering effects (28). However, in some of these studies the clinical benefits of statins occurred as early as 6 months after the initiation of statin therapy, whereas using other anti-lipidemic agents such as niacin, a mortality benefit could not be observed for several years (29, 30). For instance, in the Lipid Research Clinics Study using cholestyramine and in The Program on the Surgical Control of the Hyperlipidemia using ileal bypass surgery to reduce cholesterol absorption, the beneficial effects of these interventions on cardiovascular events became apparent after 4 to 5 years (31, 32). Subgroup analysis of the 4S, WOSCOPS, HPS, and CARE trials also showed significantly lower cardiovascular events in statin-treated individuals compared with other groups with comparable cholesterol levels (22-27, 33). Therefore, while beneficial effects of statins are assumed to result from competitive inhibition of cholesterol synthesis, a growing body of evidence supports the beneficial effects of statins independent of their ability to lower serum cholesterol levels.
PLEIOTROPIC EFFECTS OF STATINS
Recent clinical and experimental studies suggest that some of the cholesterol-independent or "pleiotropic" effects of statins might be the result of reduction in the formation of intermediaries in the mevalonate pathway ( Fig. 1) . Mevalonate is synthesized from HMG-CoA by HMG-CoA reductase. Mevalonate is then phosphorylated and decarboxylated, yielding isopentenyl pyrophosphate (IPP) (34 -36). IPP is the first of several compounds that are referred to as isoprenoids. Subsequently, dimethyl allyl pyrophosphate and IPP react to form geranyl pyrophosphate; condensation with another IPP yields farnesyl pyrophosphate (FPP). Cholesterol is synthesized from FFP through squalene whereas geranylgeranyl pyrophosphate (GGPP) is synthesized from condensation of an additional molecule of isopentenyl pyrophosphate to FFP. Both FPP and GGPP serve as important lipid attachments for the post-translational modification of a variety of proteins. Post-translational modification of these proteins (i.e., isoprenylation) is central to intracellular localization and proper function of these proteins (37). Protein prenylation is the covalent linkage of either farnesyl (15-carbon) or a geranylgeranyl (20 carbon) group to the cysteine residue located in a tetrapeptide CAAX (Aϭaliphatic, Xϭmethionine or serine) sequence at the carboxyl-terminal of several G-proteins involved in cell signaling (37, 38). The proteins that undergo prenylation and therefore are converted to a more lipophilic state are numerous, and include small GTP binding proteins (39).
Small GTPase proteins are monomeric proteins with a low molecular mass of 20 -40 kDa (40). More than 100 members of small GTPase binding proteins have been identified so far (40). Based on sequence homology and function, they have been subdivided into at least six families, with each family in turn subdivided into several members with distinct biological activities: Ras (Ras, Rap, Rad, Ral, Rin, and Rit), Rho (Rho, Rac, Cdc42, and Rnd), Rab, Sar1/ADP ribosylation factor (Arf, Arl, Ard, and Srl), and Ran (41-43). Small GTP binding proteins function as critical relays in the transduction of a variety of intracellular signals by cycling between an inactive GDP-bound and an active GTPbound states by a tightly regulated manner controlled by several regulatory proteins that include guanine exchange factors (GEFs), GTPase-activating proteins (GAPs), and guanine nucleotide dissociation inhibitors (Fig. 2) . The post-translational lipid modifications (isoprenylation) of small GTpase proteins are necessary for the translocation of inactive GTPase from the cytosol to the membrane where activation of these proteins takes place. The isoprenyl substrates for these reactions are either the 15-carbon farnesyl or the 20-carbon geranylgeranyl pyrophosphates, which are derived from mevalonate. For instance, Ras family of small GTPase proteins, important for cellular differentiation and proliferation, are post-translationally modified by farnesylation, whereas the Rho family of proteins, involved in cell growth, and cytoskeleton remodeling, are activated by the attachment of geranyl geraniol.
By inhibiting l-mevalonic acid synthesis, statins prevent the production of isoprenoids such as farnesylpyrophosphate (FPP) and geranylgeranyl pyrophosphate (GGPP) (34). Depletion of mevalonate by HMG-CoA reductase inhibition generally results in accumulation of unmodified and inactivated proteins, likely as a consequence of now-limited FPP and GGPP availability. As statins inhibit geranylgeranilation and farnesylation of small GTPase proteins, they also prevent membrane translocation and activity of small GTPases and thus interfere in a number of cellular processes such as apoptosis (44, 45), differentiation (46 -48), and cellular proliferation (49, 50). Despite extensive cross-talk among small GTPase proteins, each has specific role and mediates specific downstream targets. For example, Ras interacts with protein kinases c-Raf and phosphatidylinositol 3Ј-kinase (PI3K) whereas Rac1 activates p21 activated kinases (PAK), and Rho regulates Rhokinase (34, 39).
Although lipid lowering is certainly an important beneficial effect of statins in ameliorating micro/ macrovascular complications of diabetes, pleiotropic effects of statins appear to be just as important. The pleiotropic effects of these drugs include direct beneficial effects of statins on endothelial function, stabilizing atherosclerosis plaques, ameliorating progression of nephropathy and bone disease, and improvement in insulin sensitivity and the development of diabetes. By inhibiting HMG-CoA reductase, statins exert various other effects that include suppression of cytokine expression, induction of apoptosis, inhibition of cell proliferation, interference in the intracellular signaling, and modulation of ECM protein degradation (44 -55), all of which may play important roles in the pathogenesis of micro/macro complications of diabetes.
STATINS, DIABETES, AND ENDOTHELIAL DYSFUNCTION
The integrity of endothelium is necessary to maintain a balance between vasodilatation and vasoconstriction and to maintain adequate perfusion to the tissues. The endothelium as an active organ not only produces vasodilatory factors such as nitric oxide (NO), prostacyclin (PGI 2 ), and endothelial-derived hyperpolarizing factor (EDHF), but is also responsible for producing vasoconstrictive agents such as endothelin-1 and thromboxane A2 (56). Endothelial dysfunction has been consistently shown in patients with type -1 and -2 diabetes (57-60) and there is evidence to suggest that endothelial dysfunction may contribute to the pathogenesis of micro-and macrovascular complications of diabetes (61) . The underlying mechanisms for the altered endothelial function in diabetes are complex and largely unknown. However, recent data indicate that improved metabolic control in diabetic patients is associated with near restoration of normal endothelial function, emphasizing the pivotal role of hyperglycemia per se in the pathogenesis of diabetic angiopathy (62) .
Diabetic microangiopathy may be attributed to either an excessive release of vasoconstricting agents or a decreased in vasodilatory factors. It appears that diabetic-induced endothelial dysfunction is characterized by decreased effective vascular NO action (Fig. 3) . The vasodilatory effect of NO is mainly through increasing the intracellular concentration of cyclin guanosine monophosphate (cGMP), which in turn induces vasodilatation by decreasing intracellular Ca 2ϩ concentration (63) . NO inhibits proliferation of vascular smooth muscle cells (VSMCs) and down-regulates endothelin1 (ET-1), a potent vasoconstrictor (64, 65) . NO is produced in the endothelium in response to a number of stimuli by the oxidation of l-arginine via a NADPH- dependent enzyme, nitric oxide synthase (56). All three isoforms of NO, eNOS (endothelial NOS), iNOS (inducible NOS), and nNOS (neuronal NOS) transform l-arginine into NO and l-citrulline (66) .
There are several potential mechanisms by which hyperglycemia could result in impaired NO production ( Fig. 3 ). For instance, hyperglycemia increases the synthesis of diacylglycerol (DAG) by promoting the formation of DAG precursors through glycolysis. It has been shown that by increasing the production of DAG and the subsequent activation of protein kinase C (PKC), hyperglycemia down-regulates eNOS (68 -70) . Hyperglycemia may also inhibit the production of NO via formation of advanced glycation end products (AGE) (69) . AGE products increase LDL oxidation and quench NO (71) . Growing evidence indicates that Akt, a serine-threonine kinase and a potential target of hyperglycemia may be an important cytokine involved in pathogenesis of diabetic microangiopathy (72) (73) (74) (75) (76) . Akt has been shown to activate eNOS through increasing the affinity of eNOS to calmodulin (73) . As Akt is activated by insulin binding to endothelial cells (77) , hyperglycemia and insulin resistance may down-regulate the activity of AKT/PKB pathway leading to decreased NO activation.
Although it was initially thought that the beneficial effects of statins on endothelial dysfunction were related to their lipid lowering properties, recent studies have indicated that the protective effects of statins on endothelial function may be mainly by increasing nitric oxide biosynthesis and bioavailability via the direct effect of statins to up-regulate the expression of eNOS (78 -80) . In a landmark study by Laufs and Liao, the authors provided such evidence for the underlying protective mechanism of statins on endothelial function. The authors showed that treatment of endothelial cells with mevastatin prolonged eNOS mRNA by almost threefold (81) . This effect was reversed with cotreatment of cells with geranylgeranyl pyrophosphate (GGPP). This study also found that mevastatin exposure decreased membrane translocation and thus activation of the Rho GTPase. Using C3 transferase, a selective inhibitor of Rho, the authors were able to demonstrate the pivotal role of Rho GTpase in the observed eNOS up-regulation. Thus, the authors proposed that statin-induced interruption of isoprenoid synthesis (i.e., GGPP synthesis) decreases Rho geranylation with subsequent inhibition of membrane translocation and thus activation of the Rho protein. This in turn reverses the inhibitory effect of Rho on eNOS and restores NO synthesis. It was recently suggested that by inhibiting the Rho kinase signaling pathway, statins up-regulate the expression of iNOS (82) . Thus, statins may ultimately ameliorate diabetic-induced angiopathy by increasing NO production leading to vascular relaxation.
The Akt/PKB pathway may prove to be crucial for the observed beneficial effects of statins on diabeticinduced endothelial dysfunction. A recent study suggests that the beneficial effects of statin on endothelial dysfunction may be the result of statin-induced activation of protein kinase Akt (78) . Statins reverse the inhibitory effect of hyperglycemia on Akt/PKB pathway through phosphorylation and activation of Akt, thereby restoring eNOS activity and ameliorating endothelial dysfunction in diabetic milieu (78, 83) .
Vascular endothelial growth factor (VEGF) has recently been implicated in the pathogenesis of diabeticinduced endothelial dysfunction (84 -100). In the last decade, several noteworthy observations have significantly advanced our understanding of the role of VEGF in diabetic microvascular complications. For instance, identification of VEGF as the primary mediator of diabetic retinopathy has greatly expanded our understanding of this devastating complication of diabetes. VEGF is an important cytokine whose expression in increased by high ambiance glucose concentrations in several cell types in vitro and in animal models of diabetes (88 -100) . In diabetic retinopathy, VEGF produced by retinal cells have been implicated in the deterioration of the blood/retinal barrier (84, 85) . Statins have been shown to improve diabetic retinopathy in one small study (101) . However, it is still unclear whether the beneficial effects of statins in diabetic retinopathy are related to their lipid-lowering properties or their pleiotropic effects on VEGF-induced signaling pathway. VEGF has emerged not only as a major mediator of intraocular neovascularization and proliferative diabetic retinopathy; it may also play a major role in the pathogenesis of diabetic neuropathy (86) .
STATINS AND DIABETIC-INDUCED OXIDATIVE STRESS
Oxidative damage refers to an imbalance between production of the reactive oxygen species (ROS) and 
.-), and hydroxyl radical (·OH). The antioxidant defense system is composed of two components. The first is the antioxidant enzymes that include superoxide dismutase (SOD), catalase, and glutathione peroxidase; the second component is low molecular weight antioxidants, including vitamins A and E, ascorbate, glutathione, and thioredoxin. ROS may play a vital role in micro/macrovascular complications of diabetes (106 -111) . There is convincing experimental and clinical evidence that the generation of ROS is increased in both type-1 and -2 diabetes and that the pathogenesis of diabetic micro/macro vascular complications may be closely associated with oxidative stress (107) (108) (109) .
Hyperglycemia is not only involved in production of the ROS but also in the ability of the host to defend against them (106 -111) . For instance, hyperglycemia decreases activity of SOD and catalase, leading to a reduction in anti-oxidative defense (107) . Moreover, hyperglycemic-induced activation of the polyol pathway, by consuming NADPH, leads to a decrease in glutathione activity (109) . Diabetic milieu also leads to an increased production of H 2 O 2 , O 2 .-, and ·OH (68) . Other studies have shown that hyperglycemia could contribute to oxidative stress by forming AGE products that can augment the generation of free radicals (118) . In a recent study, inhibition of ROS in cultured bovine endothelial cells interfered with activation of PKC and NF-B activation and the formation of AGE products (110) . Relevance of ROS in microvascular complications of diabetes such as diabetic nephropathy is supported by the observations that antioxidants suppress high glucose-induced extracellular matrix (ECM) protein synthesis in mesangial cells and prevent glomerular and tubular hypertrophy and TGF-␤1 expression (119) .
One of the most exciting discoveries in this field pertains to the observations that ROS can act as an integral part of a membrane signaling pathway as they fulfill the important prerequisites for intracellular messengers (104, (112) (113) (114) (115) (116) (117) . Production of ROS has been described in various cells stimulated by cytokines, transmembrane receptor agonists, and phorbol esters (112) (113) (114) (115) (116) (117) . ROS are now believed to participate in a variety of cellular signaling mechanisms that affect cell growth, differentiation, and apoptosis (112) (113) (114) (115) (116) 120) . A membrane-bound NADPH oxidase pathway generating O 2 .-similar to the multicomponent phagocyte NADPH oxidase has been shown to be operational in endothelial cells, smooth muscle cells, and mesangial cells. Since Rac1 proteins are essential for the assembly of the plasma membrane NAD(P)H oxidase, the role of hyperglycemia in activating the Rac-1 mediated oxidative stress in endothelial cells and cardiac myocytes is under intense investigation by our group and others.
The protective effect of statins on ROS-induced angiopathy is multifactorial and may include noncholesterol-dependent as well as cholesterol-dependent anti-oxidative properties. It has been shown that statins down-regulate macrophage scavenger receptors, thus reducing oxidized LDL-C uptake and the formation of foam cells within the intima (121) (122) . Statins also attenuate endothelial ROS formation through attenuating endothelial superoxide anion formation by inhibiting NADH oxidases via Rho-dependent mechanisms (123) (124) . Some of the antioxidative effects of statins may be due to metabolites of statins such as the hydroxyl metabolites of atorvastatin, which has been shown to have potent antioxidant properties (125) . Statins have also been shown not to improve and preserve the levels of important antioxidants such as vitamin C and E (126, 127)
STATINS, DIABETES, AND INFLAMMATION
The role of inflammation in the pathogenesis of atherosclerosis has increasingly been recognized. In fact, histological data have confirmed the presence of classic inflammatory cells in atherosclerotic lesions. Monocytes, other antigen-presenting cells, and T lymphocytes have all been isolated from atheromas (128) . Moreover, elevated levels of interleukin 6 (IL-6), the principal cytokine responsible for the acute phase of the inflammatory response, have been found in coronary atheromatous lesions in patients with unstable angina (129) . The dynamics of progression of such lesions may be heavily influenced by proinflammatory cytokines such as IFN-␥, TNF-␣, IL-1␤, and Fas ligand. Several clinical studies have established inflammatory markers, such as C-reactive protein (CRP), as independent predictors for cardiovascular morbidity (130, 131) . One such study, the Cholesterol and Recurrent Events (CARE) study, concluded that higher CRP levels after myocardial infarction are associated with an increased risk for recurrent coronary artery events (132) . Other clinical studies have unraveled a direct correlation between a reduction in inflammation as measured by a decline in inflammatory markers such as CRP and a positive clinical outcome (133, 134) .
Levels of CRP are elevated in diabetic patients (135, 136) , and CRP has been shown to correlate with markers of endothelial dysfunction (137) . Restoring normal endothelial function in diabetic patients may have important beneficial effects in reducing cardiovascular risk. HMG-CoA reductase inhibitors may prove to be key inhibitors of low-grade inflammation and endothelial dysfunction by reducing inflammatory cell signaling. In a recent study, atorvastatin was found to improve endothelial-dependent vasodilatation in diabetic patients, and this improvement correlated with significant decrease in CRP levels (138) . Another recently published study confirmed the beneficial effects of atorvastatin on CRP in diabetic patients (139) . Pravastatin therapy has been shown to lower CRP levels and has appeared to lower the risk for recurrent coronary events (140) . The benefit of pravastatin therapy was greater among patients with higher levels of CRP, and this effect appeared to be independent of baseline lipid levels (141).
Although the underlying mechanisms of how statins exert their anti-inflammatory actions remain to be elucidated, the possible modulatory effects of statins on inflammatory cell signaling pathways seems to be critical in resolution of the atherosclerotic microenvironment. Several recent experimental studies have begun to shed light on this matter. Bustos et al. induced atherosclerosis in femoral arteries of rabbits via endothelial damage and an atherogenic diet (142) . After 4 wk of treatment with atorvastatin, rabbits had significant reduction in serum lipids and atherosclerotic lesion size compared with control animals. Macrophage infiltration in arteries was almost abolished in the atorvastatin-treated group, and nuclear factor kappa-B (NF-B) expression was significantly down-regulated in macrophages infiltrated in atherosclerotic lesions in the treated group. The work of Sparrow and colleagues on mice provided even more convincing data that statins have an independent anti-inflammatory property (143) . Using the classic model of acute inflammation, carrageenan-induced foot pad edema, the authors showed that simvastatin reduced acute inflammation and the extent of the edema in a dose-dependent fashion, comparable to the anti-inflammatory effects of indomethacin (143) . Simvastatin therapy did not significantly affect serum cholesterol levels, further supporting statins' properties as anti-inflammatory agents.
In pursuit of a rationale for the anti-inflammatory effects of statins, a key piece of evidence came from a study by Pasceri and colleagues, who recently detailed how CRP-induced expression of monocyte chemoattractant protein-1 (MCP-1) in cultured human endothelial cells (144) . This study revealed that CRP is not a mere marker of the underlying inflammatory process, but might be directly involved in the pathogenesis of atherosclerosis (Fig. 4) . The authors showed that CRP in concentrations Ն5 g/mL induced the expression of the adhesion molecules such as intracellular adhesion molecule 1(ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), and E-selectin in human endothelial cells. CRP induced expression of MCP-1. MCP-1 is a potent chemokine that facilitates the infiltration of monocytes/macrophages and stimulates monocyte migration into the intima of arterial walls, a necessary step in the development of atherosclerotic plaque. Cotreatment of cells with simvastatin partially inhibited the induction of MCP-1 by CRP on endothelial cells. The same group showed that MCP-1 expression and NF-B activity induced by tumor necrosis factor ␣ were both down-regulated by atorvastatin in VSMC, confirming the modulatory effects of statins in preventing the formation of atherosclerotic plaque.
Some recent studies have demonstrated that statins inhibit proinflammatory cytokines IL-1␤, lL-6, and cyclooxygenase-2 by up-regulating the peroxisome proliferator activated receptor (PPAR-␣) in endothelial cells (145) . While evidence for anti-atherogenic effect of PPAR-␣ is still lacking, a significant anti-atherogenic effect associated with down-regulation of several proinflammatory genes induced by synthetic PPAR-␣ has been established.
STATINS AND DIABETIC NEPHROPATHY
Diabetic nephropathy (DN) is a common complication of type I and type 2 diabetes, and it remains the single most common cause of renal failure in the United States (146, 147) . The onset of proteinuria in diabetic patients is not only an indicator of renal morbidity, but is also associated with a dramatically increased risk of premature cardiovascular disease and increased mortality (148) . It has recently been suggested that statins may confer renoprotection in a variety of glomerular diseases including DN through their lipid-lowering properties (149 -153) . The beneficial effects of statins on renal function has been demonstrated in animal models of diabetes, including the obese Zucker rats and db/db mice, established animal models of type 2 diabetes (154) . Human studies, however, have had mixed success in demonstrating attenuated progression of DN with statins (27, (155) (156) (157) . In support of a beneficial effect of statins in ameliorating the progression of DN, Lam et al. reported findings of a preserved glomerular filtration rate (GFR) and serum creatinine in diabetic patients with proteinuria treated with lovastatin (155) . Other studies of diabetics with chronic renal insufficiency and hyperlipidemia also found decreased progression of DN in patients allocated to statin therapy (27, 156).
Several mechanisms have been proposed to account for the possible beneficial effects of statins in DN. For instance, because of their direct lipid-lowering properties, statins may diminish Ox-LDL-induced nephrotoxicity. We have recently proposed that the possible beneficial effects of statins in DN may be independent of their cholesterol-lowering properties and mediated in part by the modulatory effects of statins on a glucose-induced RhoA-dependent pathway. One such mechanism suggests that HMG Co-A reductase inhibition reduces prenylation of Rho family of small GTPases and subsequently interferes with cell cycle signaling molecules crucial in mesangial cell proliferation, an early feature of DN (46). In this study, high glucose milieu caused an almost threefold increase in the protein expression of active (membrane-associated) form of Rho GTPase protein in mesangial cells. Cotreatment of mesangial cells with simvastatin reversed high glucose-induced increase in membraneassociated Rho, suggesting a novel role for statins in modulating a Rho-dependent, high glucose-induced signaling pathway in mesangial cells.
Another study has suggested that the key benefit of statins lies in its inhibition of macrophage accumulation and cytokine release that cause sclerosis of the proliferated mesangium (158) . This study found that in rats with subtotal nephrectomy and exposed to statins had preserved renal function that correlated with decreases in macrophage accumulation and TGF-␤, a known prosclerotic cytokine. Both mechanisms offer intriguing possibilities for the clinical benefit of HMG Co-A reductase inhibitors in DN. An additional possible beneficial effect of statins in DN may be related to pleiotropic effects of statins of AKT/PKB pathway. It has been shown that Akt is involved in the redox-sensitive signal transduction leading to cellular hypertrophy, an important feature of more advanced DN, since dominant negative Akt/PKB inhibits Ang-II stimulated [ 3 H ]leucine incorporation in cultured VSMCs (103, 159, 160) . By up-regulating the PI 3-kinase/Akt pathway, HMGCoA reductase inhibitors increase may ameliorate the progression of DN (161, 162) .
STATINS AND GLUCOSE METABOLISM
Great interest has been invested in the role of statins in glycemic control. Several studies have suggested that statin therapy reduces the risk of developing diabetes by as much as 30%; stains confer improved sensitivity to insulin as measured by an increase in the insulin sensitivity index (23, 27,163).
The underlying molecular mechanisms for the increased sensitivity to insulin in diabetic patients treated with statins are largely unknown. The fist step in insulin-stimulated glucose signaling is the transport of glucose into the cells through insulin-sensitive facilitative glucose transporters (Glut-4). Glut-4 is stored in intracellular vesicles. Insulin by binding to its receptors in the plasma membrane results in phosphorylation of the receptor with the subsequent activation of PI3/AKT pathway, which in turn mediates the translocation of insulin-responsive Glut-4 containing vesicles to the membrane (164) . Statins have been found to activate Akt and PI3-kinase, thereby stimulating the expression of GLUT-4 and providing a mechanism by which cellular glucose uptake may be enhanced by this unique class of drugs (161, 162) In summary, considerable experimental data suggest that statins modulate a variety of pathobiological processes beyond their lipid-lowering properties. The pleiotropic effects of statins are mediated, at least in part, by the modulatory effects of statins on small GTPases. Evidence from epidemiological, in vitro, and in vivo studies suggests that administration of statins may protect against micro/macrovascular complications of diabetes. While the exact nature and magnitude of this role is still under intense investigation, a number of possibilities have emerged, including the modulatory effects of statins on NO, AKT/PI3 kinase, VEGF, and anti-inflammatory pathways. It seems likely, therefore, that the use of statins should be considered for many diabetic patients particularly in the early stages of their disease.
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